Pyroxene analyses of superior quality, from Dspp Legs I 1, 15, 17, 34, and 37, have been used to identify the various basalt groups from pyroxene chemistry. Cluster analysis, factor analysis, and variation plots give insight into the crystal chemistry of the pyroxenes. The tholeiitic and alkalic pyroxene groups differ primarily in CrrOs, TiOr, and Na2O contents. Tholeiitic pyroxenes are high in CrrOs and low in NazO and TiOr, relative to an average pyroxene. For the same oxides, pyroxenes from alkalic basalts are high in TiOz and NarO, and low in Cr2Or. Two pairs of cations, Ti-IvAl and Fe3+-IvAl, have high correlation coefficients in all ofthe groups. It appears that common substitutions which occur in deep-sea pyroxenes are: Al for Si in a tetrahedral site combined with Ti or Fe8+ substituting for Mg or Fe2+ (respectively) in the octahedral Ml site.
Introduction
Pyroxenes are important recorders of basalt petrogenesis. Detailed investigations of the crystal chemistry of mare basalt pyroxenes (Bence and Papike, 1972) in conjunction with experimental studies (Grove and Bence, 1977) reveal that the pyroxenes are recorders of bulk chemistry,./Cr, mineral paragenesis, and cooling rate. In ocean-ridge basalts, clinopyroxene follows olivine and plagioclase in the low-pressure crystallization sequence, and its chemistry reflects conditions of late-stage crystallization. However, at high pressures (: l0 kbar), clinopyroxene can be a liquidus phase (Kushiro, 1973; Bender et al., 1978) , and its chemistry will reflect these conditions of crystallization.
We have studied pyroxenes from 8 drill sites of 5 Dsur legs, in order to get a broad view of deep-sea basalt pyroxene chemistry. Cluster and factor analyses were used to simplify the large data base (1583 pyroxene analyses). The major objectives are to use the pyroxene chemistry (l) to identify the various basalt groups and the parageneses within those groups, and (2) to define systematics for pyroxene crystal chemistry. Preliminary results have been published by Schweitzer et al. (1978) .
Geologic background
The pyroxenes are from a variety of deep-sea basalt localities (Fig. 1) . Basalts from four of the five legs 0003404x /7 9 /0506-050 I $02.00 are oceanic tholeiites (Dsnr Legs I l, 15, 34, and 37) . Alkalic basalts recovered from Leg l7 are also considered. Basalts from Legs 11,34, and 37 appear to have erupted at spreading centers, while the alkalic basalts from Leg 17 are products of off-ridge volcanism. Leg 15 basalts may have been the product of flood-type volcanism (Donnelly, 1973) , but this interpretation is disputed by Christofersson (1976) . Basalts from these legs were chosen for statistical analysis for the following reasons: (l) to represent the two major oceanic basalt types, while maintaining, at least nominally, the relative abundance of the two types; (2) to use tholeiites which varied in age andlor physical characteristics; and (3) to eliminate interlaboratory analytical biases by using only data collected at Stony Brook.
The basalts range from extensively altered (Leg I l) to very fresh (Leg 37). Many of the extensively altered ones contain smectite and zeolites, and show replacement of olivine and plagioclase (Myers er a/., 1975; Ayuso er al.,1976) . Sites l@ and 105 ofLeg ll yielded the oldest basalts used in this study, approximately 130 m.y. old (Hollister et a1.,1972) . Sites 146, 151, and 153 of Leg 15 in the central Caribbean yielded Cretaceous tholeiites (Edgar et al.,1973) . Although the Leg l5 samples are from a tectonic setting different from that of oceanic tholeiites, they have similar major and trace element chemistries (Bence er al., 1975) . Basalts from Sites 3l9A and 321(Leg3a) underlie sediments which are 15 and 40 m.y. old, respectively (Yeats et al., 1976) . The youngest site sampled is Site 332 of Leg 37. The basalts from this site are approximately 3.5 m.y. old (Dmitriev,1977) , and some of the samples have been characterized as fresh, chemically primitive tholeiitic basalts (Hodges and Papike, 1977) .
The alkalic basalts from Leg l7 are from two sites: 165A and 169. Site 169 also yielded tholeiitic rocks, but the pyroxene analyses used are only from the alkalic sill (Myers et al.,1975) . These alkalic samples were selected because the pyroxenes are fresh and were analyzed in one electron microprobe laboratory.
Methods

Data selection
The pyroxene analyses were collected on an automated Anl Errrx-srvt microprobe. Analyses used in this paper represent individual point analyses taken in most cases on zoned crystals; they were selected to represent the maximum composition ranges for the pyroxenes for the specific rocks studied. Data reduction procedures, carried out on-line, are those of Bence and Albee (1968) . Nine elements (Si, Al, Ti, Cr, Fe, Mn, Mg, Ca, Na) were analyzed. Each analysis also had ferric iron estimated by the method of Papike et al. (1974) . In order to be selected for statistical treatment, each analysis had to have an oxide sum : 100+2 weight percent, and it had to pass all of the following tests: (l) the sum of Si + rvAl : 2+.0.02 atoms/6 oxygens; (2) octahedral cations (Mn, Fe2+, Fe3+, Mg, Ti, Cr, vIAl) sum to greater than 0.98; (3) the M2 site occupancy equals 1.010.02; and (4) the charge balance equation {vIAl + vlFes+ + vrcrs+ + 2Ttn+ : rvAl + MzNa) balances within 0.02 charge.
The number of cations per formula unit was used in the statistical programs because it gives more insight into the crystal chemistry of the pyroxenes than does similar treatment of the oxides, and provides information equally ,suitable to discriminate among the basalt groups.
The statistical programs could handle no more than 800 analyses at a time; consequently, the original data set was cut to 750 analyses (150 for each leg). Exactly 150 analyses were selected from the data available for each leg by using the crystal-chemical criteria stated above and more stringent constraints on the cation sums. The sum of the tetrahedral cations must equal 2.000, and the total cation sum deviates at most only slightly from 4.000 (3.985 ( .r ( 4.010).
S tatistical techniques
Cluster and factor analysis are both multivariate statistical techniques which condense and simplify data. Cluster analysis calculates distances between points in n-space (n : number of variables) and then forms clusters of points based on the distances between them. Factor analysis also considers cases plotted in n-space and simplifies the variables so that the cases can be described in a more economical manner by a smaller number of factor axes.
Each set of 150 analyses was clustered using Biomedical Computer Program P2M (Dixon, 1975) . The cations IVAI, Fe2+, Fe8+, Mg, Mn, Ti, Cr, Ca, Na, and vIAl were the variables, and each analysis in the set was compared with the other 149 analyses so that more similar ones were grouped together in the resulting histogram. After the cluster analysis was performgd, each set was separated into recognizable groups based on the dendritic histogram of the computer output. The groups and their mean cation and oxide compositions were then used as "summaries" of the total data set studied.
A factor analysis program (Bune4M; Dixon, 1975 ) was run for each set of 150 analyses, and also for each group which was recognized from the cluster analyses. The variables used for the factor analysis were the same cations as above. with the addition of Si. In addition to the factors determined by this analysis, correlation coefficients were calculated for every pair of cations.
A cautionary note is appropriate at this point. Multivariate analysis is a means of increasing perception of a complex system by compressing many variable dimensions into a few. The power of this statistic is that the reduction can be performed and checked by computer. However, one must be aware that some of the procedures are highly dependent upon pattern recognition techniques (Naney et a/., 1976) . Thus, the reader must be careful not to overinterpret the pyroxene groups presented in this paper. Different techniques and different data sets could produce different clusters. In fact, in a compositional continuum the cluster analysis might define "groups." Nevertheless, the approach is extremely useful in simplifying the data and in identifying chemical systematics that might be otherwise overlooked.
Results
The clustering procedure separates the data into 9 groups of unequal numbers of analyses. Analyses CLINOPYROXENES (3) 146 (r 04) tst Q4) ts2 (22) t6e (47) 165A (3 l ) l65A (s0) 169 (16) 3 le (64) 32t Q7) 32r (r 5) 3le (r0) 332 (132) " Groups are labelled as leg number-group number.
from Legs I I and 34 formed 2 groups each, those from Leg I 7 formed 3 groups, and those from Legs l5 and 37 formed one group each (Site 332 is the only site analyzed for Leg 37). The nine groups, broken down by site and the number of analyses from each site, are shown in Table l . The cluster groups are identified by leg number and group number (i.e., Leg 17, group I is l7-l). Analyses which did not fall into an identifiable group were not used in the group averages. The actual number of analyses in each group is listed in Table l . The mean oxide and cation compositions for each pyroxene group are shown in Table 2 . As with the whole-rock compositions, the NarO contents of the pyroxenes from alkalic basalts differ significantly from corresponding values for the tholeiites, but, for the other oxides, there is more variation within the three cluster groups of the alkalic basalts than between cluster groups for the alkalic and tholeiitic basalts. The cluster groups l7-1, l7-2, and l7-3 are from the alkalic basalts, and the 6 remaining cluster groups are from tholeiitic basalts.
Average "alkalic" and "tholeiitic" pyroxenes ( Fig.  2a) were calculated using the mean oxide values from the alkalic and tholeiitic cluster groups. These two average pyroxene compositions were combined with the mean compositions of the 9 cluster groups in calculating the average pyroxene composition in the Groups l7-1, 17-2, and l7-3 are from alkalic basalts, all other groups are from tholeiitic basalts. Avg. Pyx. is an average pyroxene calculated using the mean compositions from the cluster groups, see text for details.
column labelled "Avg. Pyx." in Table 2 . However, the mean cation composition in the Avg. Pyx. column was calculated using only the mean cation values from the 9 cluster groups.
The average whole-rock analyses listed in Table 3 indicate by the low sums, relatively high KzO and high FerOs (where analyzed), that alteration has occurred. A major objective of this study is to attempt to see through the alteration of the whole rocks by chemically characterizing the essentially pristine pyroxenes. The whole-rock compositions listed in Table  3 are arranged to correspond to the 9 pyroxene cluster groups. Whole-rock analyses for sites and intervals corresponding to those of the pyroxene cluster groups were taken from the literature and averaged together so that they would correspond to the average pyroxene compositions of the cluster groups. The whole-rock alkalic basalt compositions ("cluster" groups l7-1, 2,3) are high in TiO2, Na2O, and KzO relative to the tholeiites. [n the pyroxene groups, only Na2O is consistently higher in the pyroxenes from alkalic basalts.
Chemical characte rist ics
The differences among the pyroxene cluster groups are easily observed on variation diagrams (Fig. 2a,b) . The 9 cluster groups are arranged in Figure 2 so that similar patterns are in close proximity. The oxides or cations are ordered so that the ionic radii of the cations increase from left to right. The actual numerical values are derived from the ratios oxide/(oxide * average) and cation/(cation + average), where "oxide" and "cation" are the group mean values (Table 2 ) and "average" is the value for Avg. Pyx. (Table 2 ). The ratios are normalized so that Avg. Pyx. plots on the 0.5 line. If any oxide or cation value is higher than that of Avg. Pyx. it plots above the 0.5 line, and if it is lower it plots below the line. The resulting variation diagrams show differences and serve. like chondrite-normalized REE and transitionmetal plots, to distinguish the basalt groups. Two of the groups, 34-l and ll-2,have mean compositions that are very similar to the mean of the whole data set; consequently, their patterns appear relatively flat. (Bass et al., 1973) ; XRF and wet chemical.
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The behavior of Cr2O, changes progressively from the top group to the bottom group in Figure 2a; i.e., CrrOr is high relative to "average pyroxene" in the top group and low in the bottom groups.
The average compositions of pyroxenes from alkalic and tholeiitic basalts, grouped separately, are shown at the top of Figure 2a and reflect clearly the chemical differences between the two basalt types. The major differences between tholeiitic and alkalic basalts, as reflected in the pyroxene chemistry, are \.. best seen in the components other than CaSiOgMgSiOr-FeSiOs. The pyroxenes from alkalic rocks are relatively low and those from tholeiites are relatively high in CrrOr. Alkalic basalt pyroxenes are high in TiOz and NazO. To a lesser degree AlzOg and FezOg are low in tholeiitic basalt pyroxenes and high in those from alkali basalts. The patterns for groups I l -l and I 5 closely follow the pattern of the tholeiitic group. Group l7-3 is very different from both the tholeiitic groups and the other two alkalic groups. Among the tholeiitic groups, 34-2 is unique.
Groups 34-2 (tholeiitic) and l7-3 (alkalic) do not appear to follow the patterns of the other groups of their types. For example, the Fe2+/(Fe'+ * Mg) values for these two groups are higher than the average pyroxene value, and are higher than the Fez+/(Fe'z+1 Mg) value in any other group. Also, the overall appearance of the patterns for 34-2 and l7-3 are more similar to each other than they are to the other groups. Both of these pyroxene groups are from highly fractionated basalts, and this fact probably accounts for their similar patterns.
On a series of plots with various cations plotted against the atomic ratio Fe'z+/(Fd+ + Mg) : Xr, (Figs. 3-10 ) we observe two features: (l) the characteristics of the two major basalt types (tholeiitic and alkalic); and (2) behavior of the various cations. For simplicity we distinguish only three groups of pyroxenes on the plot, namely those collected from alkalic basalts, those from tholeiitic basalts (exclusive of cluster group ll-l), and those from Site 100 of Leg ll. The pyroxenes from the Site 100 basalts constitute all of cluster group ll-1. It is significantly different from the other tholeiitic pyroxene cluster groups, consisting largely of analyses of xenocrysts andlor phenocrysts.
With the large numbers of analyses used, characteristics of the two basalt types are readily observed. Pyroxenes from alkalic basalts have a wide range of Ti concentrations with high values at low Xr" and low values at high X"" (Fig. 3) . In contrast Ti is positively correlated with Xr" in tholeiitic basalt pyroxenes. Pyroxenes from Site 100 basalts are very low in Ti and very low in Xp".
The trend of the alkalic basalt pyroxenes (Fig. 3 ) can be explained with the help of Figure 3a . This 1 6"e+7 5g2++ Mg ) Fig. 7 . Mn ut. p4+ /(Fez+ * Mg) (atomic). Symbols for groups and units are as in Fig. 3 figure is the same as Figure 3 except that it shows only the 3 alkalic cluster groups, l7-1, 17-2, and l7-3. These 3 groups represent 2 alkalic basalt drilling sites, and as shown in Table l , groups l7-2 and lj-3 each represent only one site (165,4, and 169, respectively) while group l7-l consists of analyses from bolft sites. The pyroxenes of groups l7-2 and l7-3 differ in Ti content, those of l7-2being relatively high in Ti and low in X"", and those of l7-3 being low in Ti and relatively high in X"" (Fig. 3a) . Therefore, groups l7-2 and l7-3, reflecting the two sites, form 2 separate curves which appear as branches of the single alkalic pyroxene curve in Figure 3 . Group l7-l falls in the middle, where the slope of the curve in Figure 3 changes, at a Ti content of approximately 0.04 cations, which is where the two groups of Figure 3a meet. The difference in Ti content of the groups reflects the difference in bulk chemistry of the host basalts (Table 3) . The sodium contents of all the pyroxenes are rather low (Fig. 4) , but a difference is noticeable between pyroxenes of alkalic basalts and those of tholeiitic basalts. Those from alkalii basalts are generally richer in Na than those from tholeiites. Pyroxenes from alkalic basalts are also slightly richer in calcium than pyroxenes from tholeiitic basalts (Fig. 5) . Sodium and calcium contents are essentially independent of X"".
Tholeiitic basalt pyroxenes show an inverse relation between Cr and X"" (Fig. 6) . Pyroxenes from all tholeiitic basalts which appear to be phenocrysts/ (Fig. 6) . Groundmass pyroxenes from these same sites are low in Cr and tend to have high X"". The alkalic basalt pyroxenes are low in Cr.
The pyroxenes of all three plotted groups show a strong positive correlation between Mn content and &" (Fig. 7) . This trend is consistent with the common assumption that Mn behaves similarly to Fe2+ in pyroxenes. Figures 8 and 9 give some insight into the crystal chemistry of tetrahedral sites in clinopyroxenes. A value of 2.00 Si (Fig. 8) would indicate that the tetrahedral sites are completely filled by silicon. In the alkalic basalt pyroxenes Si commonly falls well below the value of 2.00, with the deficiency compensated by IvAl (Fig. 9) . As X"" increases in alkalic basalt pyroxenes, Si also increases and tvAl decreases. The distributions of the three cluster groups representing alkalic basalts in Figures 8 and 9 are similar to their distributions in Figure 3 , with groups l7-2 and l7-3 forming the low and high Xp" branches, respectively. In contrast to the behavior of pyroxenes from alkalic basalts, those from tholeiitic basalts show a much narrower range of IVAI. However, as a group, the tholeiitic basalt pyroxenes resemble cluster group l7-3 as regards IvAl.
Aluminum substitutes more extensively in tetrahedral than in octahedral sites in these pyroxenes. Figure l0 provides documentation for this statement in that the trend for IVAI (as seen in Fig. 9 ) predominates even when combined with vIAl.
, a.z+ 7 pgz+ + Mg ) The ferric iron contents of the pyroxenes may be inferred from a plot (Fig. ll) of charge deficiencies us. charge excesses. These charge imbalances are calculated relative to a pyroxene of charge-balanced composition, or "Quad" pyroxenes. For example, substitution of Na for Ca in the pyroxene M2 site or Al for Si in a tetrahedral site creates a charge deficiency relative to "Quad," whereas Al, Cr3+, Fe3+, or Tia+ in an octahedral site creates a charge excess. In Figure I l, lateral displacement of points to the left of the line Fe8+ = 0 indicates the relative amount of ferric iron present. The large number of analyses falling to the left of the Fe8+ = 0 line provides compelling evidence for significant ferric iron in these pyroxenes.
C ry s t al -chemi cal charac te rist ics
The general formula for a pyroxene can be written XtYZ2Oa, where X represents Ca, Na, Mn2+, Fe2+, Mg, and Li in the 6-8-coordinated M2 site; Y represents Mn2+, Fe2+, Mg, Fe8+, Cre+, Al, and Tia+ in the 6-coordinated Ml site; and Z represents Si and Al in the 4-coordinated T site. Thus, the pyroxene structure accommodates most of the major cations that occur in basaltic systems. Papike et al. (1974) suggest a subdivision of pyroxenes into two major groups of structural chemical components which they call "Quad", and "Others." "Quad" pyroxene components are those which plot in the quadrilateral subsystem composed of the end-members diopside When vIAl, vIFes+, or vlcrs+ substitutes in the pyroxene Ml site, a charge excess of *l results relatiue to the (Mg,Fe'+) occupancy of this site in "Quad" pyroxene components. By similar reasoning, a Tia+ substitution in Ml causes a charge excess of *2 relative to "Quad." Obviously, for charge balance to be maintained in the pyroxene structure, these site charge excesses must be counterbalanced by site charge deficiencies. The substitution of Al for Si in the tetrahedral site causes a deficiency of -l. Similarly, the substitution of Na in the M2 site for (Ca,Fe2+,Mg) also results in a site charge deficiency of -I relative to "Quad." Although the classification of pyroxenes suggested by Papike et al. was specifically designed to minimize any arbitrary sequential calculation of components, our new results from factor analysis of pyroxenes from deep-sea basalts enables us to identify relative importance of the different components and thus gives us a basis for a calculation sequence.
Correlation coefficients have been calculated from the correlation matrices of the factor analyses for every pair of cations studied. For simplicity, the correlations are separated into two groups. Table 4 presents the "Other-Other" cation correlations which correspond to the eight important coupled "Other" substitutions mentioned above. Table 5 presents the "Other-Quad" correlations. Silicon is not included. since it is redundant with rvAl (tuAl : 2 -Si).
Among the "Other-Other" pairs, Ti-IvAl and Fes+ -IvAl are among the most strongly correlated, indicating that vrTia+-2lvAl and vIFes+-IvAl are the two most important "Others" substitutional couples in pyroxenes from deep-sea basalts. They are of roughly equal importance in pyroxenes from tholeiitic basalts, but in pyroxenes from alkalic basalts vrTir+-2IvAl is more important. Thus, important site substitutions are Tia+ or Fe8+ for (Mg,Fer+) Table 4 summarizes important information concerning the most important "Others" substitutional couples. In pyroxenes from tholeiitic basalts the most to least important are: vrFet+-IvAl, vrTi4+-IvAl, NavITi4+, Na-vIFet+, vlAl-IvAl. In pyroxenes from alkalic basalts the sequence is: vrTi4+-IvAl, vlFes+-IvAl, Na-vIaat*, Na-utTi4+. Additional correlation coefficients (not shown) and the results presented in Table 4 indicate that NaTi(SiAl)O. is a significant component in pyroxenes from both tholeiitic and alkalic basalts. The substitutional couples NavlCrs+ (ureyite) and NavrAl fiadeite) are not important in pyroxenes from either group. However, vrAl-IVAI is a significant substitution in pyroxenes from tholeiitic basalts but is insignificant for pyroxenes from alkalic basalts. The high positive correlation between Ti and Al (especially for alkalic pyroxenes, correlation coefficient : 0.965) is illustrated in Figure 12 . Table 5 enables us to see if these substitutional couples correlate preferentially with any of the "Quad" cations (Ca, Fe2+, Mg) . In pyroxenes from tholeiitic basalts Ti is positively correlated with Fe'+ and negatively correlated with Mg; this indicates a Ti buildup in the pyroxenes with fractionation. Thus, in these pyroxenes the vlTil+-2lvAl couple is more important in late-stage pyroxenes. In contrast, since Ti is negatively correlated with Fd+ in the pyroxenes from alkalic basalts, the vlTin+-21vAl couple is more important in the early-crystallizing pyroxenes from alkalic basalts and falls off with fractionation. Figure l3 gives additional important insights into pyroxene chemical systematics for the three major groups, alkalic, tholeiitic, and site 100. Pyroxenes from alkalic basalts plot along a line connecting vITi IvAlz and vrFes+rvAl, which are the two most important "Others" substitutional couples. In early-crystallizing pyroxenes from these basalts vlTirvAlz is the dominant couple, but in late-stage pyroxenes vlFes+ IvAl dominates. Pyroxenes from tholeiitic basalts plot off the TiAlz-Fe3+Al line toward the rvAl apex of the data display. This reflects the additional important "Others" couples in these pyroxenes, namely, Cr3+Al (especially for Site 100) and vlAlrvAl. Thus, for Site 100 pyroxenes the crystallization trend would be initiated at the Ti-rvAl sideline near rvAl. These pyroxenes would be enriched in the Cr8+ Al and vrAl IvAl components. With increased crystallization the trend is toward vrFes+IvAl.
Factor analysis, correlation coefficients, and sequential calculations of pyroxene components Papike et al. (1974) bitrary sequential calculation of pyroxene components. By using the methods of factor analysis and cation-cation correlation coefficients we may return to sequential calculation of pyroxene components.
For an example of a calculation of the pyroxene components, we refer to Tables 2, 4 , and,5 and will apply the calculation specifically to pyroxene cluster group l7-2. The correlation coefficients presented in Tables 4 and 5 indicate that CaTiAlrO. is the most the Wo, En, and Fs proportions of euad as 43.1, 12.5, and 44.4 percent, respectively. Figure 14 illustrates the pyroxene data plotted on a Ca-Mg-Fe'z+ ternary. Cluster group l7-2 (Fig. lab) plots in a somewhat curious position on this plot above the join CaMg-CaFe2+. At first glance one might assume that this implies that some Ca is entering the pyroxene Ml site, but this is not the case. The correlation coefficients indicate that Ca is highly correlated with vrTi and vlFes+ and thus some of it should be included with the "Others,', not the "Quad" components. When one makes this adjustment as illustrated in the calculation above. we see that cluster group l7-2 plots properly within the pyroxene quadrilateral.
Based on the results of this study the correct sequential calculation for pyroxenes from alkalic ba-AL.: CLINOPYROXENES salts is caTiAlzor, cavlFes+SiAlOr, NaFee+Si2Ou, NaTia+SiAlO.. In contrast the correct sequential calculation for pyroxenes from tholeiitic basalts is CaFes+SiAlO., Fe2+TiAlrO., NaTiSiAlOr, NaFes+ SirOu, CavrAlSiIv,4,106, MgvICrs+SiAlOu.
Conclusions
Differences in pyroxene chemistry reflect chemical differences in the types of basalt in which they occur. Pyroxenes from alkalic and tholeiitic rocks differ primarily in the abundances of the components CrrOr, TiOr, and NarO. With increased fractionation [as measured by an increase in Fe'z+/(Fe,+ * Mg) ratio] several trends in these components are observed. Thus, in the pyroxenes from tholeiitic rocks there is an inverse relation between fractionation and Cr con- vlFel+ lvAl tent. In pyroxenes from alkalic rocks Ti content is inversely related to fractionation.
Using correlation coefficients and crystal-chemical reasoning, we infer from our data that substitutions which commonly occur in these deep-sea pyroxenes are: Al for Si in the tetrahedral site, balanced by either Ti or Fe3+ for Fe2+ or Mg in an octahedral Ml site.
Fresh pyroxenes, even in highly altered basalts, provide clues about the original chemical character of their host rocks.
